The benefits of the continuous administration of supplemental long-term oxygen therapy (LTOT) for the amelioration of the sequelae of severe chronic hypoxemia (baseline P aO 2 Յ 55 mg Hg or S pO 2 Յ 88%) secondary to COPD, are well established. When properly prescribed and delivered, LTOT improves survival, increases exercise tolerance, reduces dyspnea, and improves the overall quality of life in this vulnerable patient population. 1 As with any other medication prescribed for sustained symptom control of a chronic condition (eg, hypertension, hypercholesterolemia), the oxygen dose must be appropriate at all activity levels to prevent arterial oxygen desaturation on a 24/7 basis. In the words of the late Dr Tom Petty, one of the early pioneers and perhaps the strongest advocate ever of this vital, life-saving intervention, "Suffice it to say the bottom line is that adequate oxygenation is judged by pulse oximetry under conditions of rest, exercise, and during sleep." 2 What this means in practical terms is that adequate oxygen saturation must be maintained across a wide continuum of daily activities. This includes situations where systemic oxygen demand is probably at its lowest-in the resting/sedentary state-to where systemic oxygen demand may increase substantially-during exercise as well as during other activities of daily living such as walking, bathing, meal preparation, eating, light housekeeping, and during sleep. Further, the recent mandate by the Federal Aviation Administration to allow portable oxygen concentrators aboard commercial aircraft has added yet another point on the LTOT continuum: situations where decreased ambient oxygen partial pressure exists due to altitude. 3 While all of the foregoing clearly imply that the oxygen dose of a particular patient should be continually adjusted in response to increased systemic demands, the reality of the matter is that the majority of LTOT users are prescribed a fixed continuous flow setting, typically 2 L/min, in spite of a growing emphasis on a "titrate to saturate" approach to optimum LTOT. 3 Failure to maintain effective symptom control because of suboptimal oxygenation may lead to the perception that a patient's disease severity is worsening, when in fact the primary problem may well be the use of poorly performing oxygen dispensing equipment. 4 However, there is yet another consideration: even with a traditional continuous oxygen dispensing system, oxygen dosing may be suboptimal.
In this issue of RESPIRATORY CARE, Cirio and Nava report the results of a study of a novel automatic flow regulator that essentially converts a standard portable liquid oxygen canister, delivering a continuous liter flow, into a servocontrolled oxygen dispensing device. 5 Using an integrated pulse oximeter, the flow regulator automatically adjusted the oxygen flow rate to maintain a target S pO 2 of 94% during 15-minute constant-work-load cycling exercise tests. In this randomized crossover study, the variable was how well the flow regulator automatically responded to a fall in S pO 2 , compared to manual adjustments made by the respiratory therapist co-investigator. The device (not yet available in the U.S.) clearly proved to be far superior in terms of response time, as measured by the amount of time a subject's saturation remained below the target S pO 2 . And, as would be expected, subjects using the flow regulator exhibited a significantly higher mean S pO 2 that when receiving manual titration.
SEE THE ORIGINAL STUDY ON PAGE 429
The implications of this study are several. Cirio and Nava identified 3 results from their testing:
• Significant improvement in mean S pO 2 during exercise testing
• Significant reduction of time spent below target S pO 2 during exercise
• Significantly quicker response time by the device than by the respiratory therapist manually titrating oxygen flow to maintain an adequate saturation during exercise While all 3 are important findings, the first 2 have the potential to improve patient care and reduce comorbidities associated with suboptimal LTOT. However, while manual titration by a respiratory therapist does indeed work, once a patient leaves the care of a professional clinician, titration to saturation rarely happens. This feature alone enhances the value of a device able to automatically titrate to a target saturation.
The results of a similar study, by Rice and colleagues, at the Veterans Affairs Medical Center in Minneapolis, were presented at the 2007 American Thoracic Society meeting. 6 Rice et al tested a closed-loop oxygen system that used oximetry to monitor and adjust an intermittent-flow oxygen delivery device. Their objective was to show equivalency to other intermittent-flow devices to determine the difference in oxygen savings. Since the intermittent-flow device would turn itself off when the oxygen saturation level was adequate (Ն 90%), the oxygen savings were substantial. The device described by Cirio and Nava has similar capabilities, although their study evaluated continuous-flow oxygen delivery.
The target saturation used by Cirio and Nava (94%) was interesting, as there is still no consensus on the appropriate saturation to effectively maintain a patient's oxygen needs. Many clinicians feel that Ն 90% is adequate, yet a higher saturation may be of benefit for exercise and conditioning. 7 One explanation for the widespread complacency of accepting a lower target saturation may be the limited capability of certain portable home oxygen systems to deliver oxygen at a rate that provides a higher saturation, and, most importantly, when systemic oxygen demand increases.
Improvement in mean oxygen saturation during the 15-minute exercise test was the primary objective of Cirio and Nava's study, and the data show a significant improvement. For many patients on LTOT, without constant clinician intervention or an automatic-adjusting oxygen system, a substantial amount of time is spent below the target S pO 2 , resulting in suboptimal therapy and associated morbidities. 8 The method of automatically adjusting oxygen flow was unique to the system studied by Cirio and Nava, as the device was designed to aggressively respond to desaturation by incrementally adjusting the flow to reestablish the target S pO 2 .
Many clinicians have experienced the challenge of increasing the dose of oxygen slowly in response to a desaturation, and finding that they are always chasing the S pO 2 to achieve the desired saturation. The study by Cirio and Nava shows that responding quickly and aggressively by increasing the flow more than the typical 1 L/min increment can maintain adequate oxygen saturation, and that a slow reduction in oxygen dose, as the saturation stabilizes, can establish an improved mean saturation over a period of time.
Cirio and Nava's study, even though it was a small evaluation of a novel oxygen delivery system, highlights some important issues in LTOT. The most interesting and noteworthy is identifying the need to adjust the oxygen flow consistently in the face of changing demand. Patients are always changing work loads, so oxygen needs to be delivered to meet their clinical requirements. The traditional approach of testing at a resting level and setting a fixed oxygen prescription is still a very common practice. Titrating with exercise is becoming more prevalent, using the standard 6-minute walk test. With one fixed resting prescription and one fixed exercise prescription, patients still do not benefit from traditional oxygen systems that do not adjust to their ongoing and ever-changing oxygen needs.
Although the majority of currently available portable home oxygen technology is fixed in its delivery capability, patients are dynamic in their activity and oxygen needs. The study by Cirio and Nava addresses the most critical aspect of LTOT: the continual delivery of an effective dose of a vital controller medication, at a therapeutic level, in response to the patient's ever-changing needs. This is truly patient-centric LTOT at its best.
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